Stakeholder participation has received an increased attention as a key process for enhancing open and transparent decision-making in Marine Protected Areas (MPAs) and mitigating conflicts between different interests for the same resources. A wide range of advanced web tools is available nowadays that integrate stakeholder participation by generating new information and allow interaction between actors in MPA management. However, such technologies are frequently used without much consideration of the heterogeneity of stakeholders, the complexity of the decision to be made how particular stakeholder groups understand and are able to relate to these technologies.
[18] and increases the risk of MPA management failure due to distortion of public opinion and strong economic interests [21] . However, many studies argue that local communities are more likely to commit to and comply with long-term conservation strategies when they are involved in MPA decision making processes [23] ; [31] [32] [33] [34] [35] [36] ).
The importance of stakeholder involvement has been highlighted in a several international initiatives, such as the Aarhus Convention, the Earth Summit and the European Water Framework Directive.
Stakeholder participation (Table 1 ) ranges from application of more "extractive" approaches where power is retained in the hands of the administrator and information is limited to passive provision towards stakeholders [11] [12] [13] , to more interactive or "empowering" approaches like negotiation and consultation where power and responsibility are equally shared to stakeholders [14, 15] .
[ Table 1 here]
The selection of effective communication and information strategies to target the relevant audiences is vital [40, 15, 29] . A spectrum of flexible participatory techniques (4) Capacity development, in the form of environmental education, awareness and social communication are needed to guarantee behaviour and attitude changes so that the management processes can be sustainable over time [15, 100] [77] [79, 80] [78] . Social change takes place as people learn from each other through their social networks (Prell et al., 2008) . In order to understand how technology corresponds to the changing needs towards community-based management MPA, we reviewed a range of different participation strategies through examples of web tools from the worldwide arena, starting from simple towards more sophisticated platforms that have been developed in order to better inform decision making, and contribute in a more effective and efficient MPA management. Finally, we suggest a theoretical framework for the development of a community-based web tool with the capacity to incorporate the philosophy of stakeholder participation by generating new and high quality information for a transparent MPA decision making process.
Web technology serving stakeholder participation in MPA management

Social media
Social media (or "Social Web") have become extremely popular [56] by offering attractive means for interaction and communication [57] . The power of Social Media lies on the ease and speed with which data can be gathered and distributed by a large number of individuals using open software [58] . Numerous social media sites, like Facebook and Twitter, provide a large quantity of information and complexity, easily shared between users and groups through a well-linked network of users 
Examples of Social media in marine resource management
Even though the capacity of Social media tools such as Wikipedia, Facebook, Twitter for biological and ecological applications is still relatively underexplored within scientific literature [58] , Social media are commonly used in resource management to survey diffusion and delivery of news to the public in a multimedia online format Programming Interfaces (APIs) and APPs (applications designed to run on smart phones and tablets) have increased the capacity for freedom of geographic data and support for individual planning using low cost technology [55] . These advantages have made such applications popular for creating coordinated networks of volunteers [69] who undertake research-related tasks such as observation, measurement, or computation [70] . This form of research collaboration or collection and outsourcing of information by non-experts is known as "Citizen science" or "community-based monitoring" [71, 72, 58] . Citizen science addresses the goals of Agenda 21 and the Rio Declaration on Environment and Development (UN 1993), by supporting the notion of community capacity building and involvement in Marine Protected Area (MPA) management globally and by bringing together the public and multi-sector agencies to address natural resource management issues [73] , [76] 
Examples of Citizen Science platforms in marine resource management
ReefCheck is one of the most successful examples of community-based monitoring worldwide, based on recreational divers that have surveyed over 300 reefs in 31 countries [78] . Onlus, boosted the knowledge and the direct perception on the effects of human activities and increased the awareness of local stakeholder groups, such as divers [84] . Currently ReefCheck is developing an app for smartphones in order to facilitate monitoring activities.
Multidisciplinary cartographic platforms
Recent studies have argued that advanced participatory platforms are the new generation of highly sophisticated tools that combine geospatial technology and Web 2.0 to reach a broad range of stakeholders with varied technical ability (or no technical expertise), so that they contribute their knowledge in an efficient and transparent way [55] Some of these tools provide personal space to administrators, or users, that enables data owners to upload and visualise their data, interact with the data and maps, or integrate multiple data layers to inform their designs. Additionally, data can be private or shared with other stakeholder groups, stimulating comments and/or consultation through forums. For most of these tools no prior technical expertise is required.
Considering the complexity of the tools examined, most of them can incorporate powerful data analysis.
Examples of advanced participatory platforms for resource management
The common database on Mediterranean MPAs (MAPAMED, www. Information and metadata are well organised and linked to each other and therefore easily located by users with no technical expertise [55] . MarineMap was configured to support iterative sketching ("geodesign") of different individual perspectives to map layers and inform marine spatial planning, and supported statistical analysis of data. It is adapted to be implementated on a global scale. MarineMap has evolved three times based on users' need to reach wide acceptance from the public and its total cost ranges from $250.000 to $700.000 per region [55] . Regardless of technical or scientific ability, users of SeaSketch are able to easily view map data from authoritative sources from all over the world (e.g., distributions of human activities and resources). Using these maps as a reference, users are then able to sketch, save, and share management plans and discuss them with other users via a facilitated chat forum tied directly to their maps. SeaSketch is always adding to its current suite of spatial analytics, which in the future will include spatial dimensions of trade-offs in which users submit the spatial features of their plans to a biologicaleconomic model of trade-offs between ecosystem services in relation to potential management strategies (Wright, 2013) . Unlike MarineMap, SeaSketch has an elaborate, interactive help system that allows users to ask questions, submit comments and vote for feature enhancements. SeaSketch has built in tools for designing and conducting surveys to gather new information about the distribution of resources and human activities in and around the ocean. Therefore, this data gathering capability SeaSketch provides is unique and worth mentioning feature. Consultation process along with sketches and comments can be extracted or included in a report. End-users may use easily the tool as a result of a fair amount of user testing with no or low experience in WebGIS. However, advanced analysis for environmental and socioeconomic assessments or future scenarios is possible but demands high-level programming expertise. Although SeaSketch was very recently established, it is a mature tool with demonstrated capabilities. It is a straightforward and user-friendly tool that supports interactive consultation and dialogue between stakeholders through an innovating approach. 
Discussion
Technological advances are increasing rapidly seeking to provide solutions to the changing demands of users (91) [75] ). Collaborative "tagging" or "rating" could potentially provide an estimate of the information quality (De Longueville, 2010). However these approaches have not been applied yet, and need to be monitored carefully in order to provide reliable information in the development of the participation process [75] .
Other examples of web tools that have been used to support the collection of new information for MPA management needs are crowdsourcing and citizen science (Wright, 2013) . Many governments and non-government agencies (NGOs) create monitoring programs based on citizen science in provide useful information and help the MPA reach its management objectives in times of resource and budgetary constraints [74, 75] . Even though crowdsourcing datasets raise a series of questions in relation to their quality due to the non-expertise of volunteers [69, [81] [82] [83] , it has been proved that when appropriate training, standardised protocols and forms are provided information could be scientifically sound [78, 84] . Collective intelligence offers a good alternative for retrieval, ordering and quality control for pertinent information, particularly for a huge and constantly growing mass of user-generated information Discussions regarding the future web in a data-based form where any piece of knowledge will have a computer-understandable structure and content, so that the retrieval, discovery and combination of information will be a lot easier and more powerful for the end user are increasing (Berners-Lee and Fischetti , 1999, [95, 59] ). 2008), but also through approaches like environmental education and capacity development are needed to guarantee behaviour and attitude changes so that the management processes can be sustainable over time [15, 100] Authorities responsible for MSP want to keep a target audience informed about their intentions, decisions and attempts to provide a basis of understanding; but don't expect any particular reaction. Unlike communication, the information is intended to be objective and represents a method of empowering stakeholders to react to decisions or take a position with full knowledge of the facts
Descending univocal flows
Consultation
Authorities responsible for MSP collect the opinions of stakeholders you have consulted with no guarantee that the opinions expressed will be taken into account
Reciprocal flows
Provides the opportunity for organisational members to use valued skills and abilities towards important goals, to gain self-confidence and to engage in coownership of projects. It is the result of synthesis of information gained through participatory process.
Commissions, multilateral meetings, frameworks for agreement, phone calls, meetings Dialogue A form of 'horizontal' interaction among stakeholders who are positioned as equals. There is no precise purpose other than to know and understand one another better. Dialogue is intended to create a sense of proximity and mutual understanding about the problems and solutions for a particular MSP area Develop proximity A form of 'horizontal' interaction among stakeholders who are positioned as equals. Unlike dialogue, the purpose is to develop a common position among a group of stakeholders that can be presented or defended before the authorities responsible for MSP.
Determine objectives and actions
Bringing together stakeholders of diverse backgrounds (marine policy, NGOs, private sector, conservation, marine recreation) to achieve representation on a specific issue to identify MPA objectives and process a set of management strategies.
Elections, thematic tables, forums, surveys, interviews, commissions, working groups, manifestations Negotiation A form of 'horizontal' interaction in which both stakeholders and the authorities responsible for MSP have equal powers for decisionmaking Reach a decision Figure 2 : Generalised framework for developing a community web tool for enhancing participation and empowerment in MPA management.
